Coherent tune shifts with current have been measured in the SPS with single bunches and two hunches at varying &stances between them. The measurements showed the usual negative slope with intensity in the vertical plane and a small positive one in the horizontal direction. The results are compared with theoretical predictions which include estimates of tune shifts due to the impedance of resistive vacuum chambers with non-circular geomevy and finite wall thiclmess.
INTRODUCTION
We were motivated to extend the SPS studies to more than one hunch by observations in other machines (PEE), in which positive slopes have only been observed with multiple bunches. The measurements were done on single bunches and two hunches at various distances. The restriction to very few hunches avoids any complication by electron cloud effects present for many bunches.
MEASUREMENTS
The measurements were performed in summer 2002, with a single bunch or two bunches of protons injected into the SPS. The relevant beam parameters are summarized in Table 1 .
The SPS was operated in a special 20.7 s long cycle with a 10.86s long injection plateau. The first bunch was injected at the beginning of the cycle and its intensity varied by scraping in the vertical plane at I .5 s. The second bunch (if present), was injected at 9.6s. The delay between the two bunches around the ring was chosen by rf-bucket selection. For the main measurements presented here, the distance between the two bunches was selected to he half a turn (about 1 2~) .
Additional measurements in which the second bunch preceded the first by 2 and 4 ps were also performed. The tune measurements were done on the first bunch towards the end of the injection plateau, at 10s from the cycle start (after the injection of the second bunch). Bunch lengths were monitored using a longitudinal pick-up and a digital scope. The hunch length was observed to increase slightly with intensity, from at = 0.6511s at the lowest to 0.8311s at the highest intensities. Figures 1.2 show the results in terms of the coherent tune shift with intensity, normalized to at = 0.5ns. The slope of the curves in the horizontal and vertical plane is a measure of the effective transverse impedance in these planes. In non-circular symmetric vacuum chambers additional quadrupolar wakes must he added [6, 7] , which are proportional to the offset ofthe test bunch itself 
CONCLUSION
We have measured coherent tune shifts with current in the SPS. The usual negative slope is found in the vertical plane and a small positive slope in the horizontal plane. In the SPS, we already observe a small positive slope in the horizontal plane for a single bunch and did not see a significant change in case of the presence of a second bunch.
A reduced multi-bunch effect in the SPS compared to P E P 4 is in fact expected due to the larger skin depth at revolution frequency in the stainless steel vacuum chamber and the larger SPS-circumference. For the SPS. the wake function changes from the usual inverse square-root dependence on distance to an exponentially decaying one in less than one nun.
